Sarcoidosis in a tattoo was reported for the first time in 1939 [1] . From 1939 to 2011, Kluger [2] reviewed 61 publications totalling 75 patients with tattoos complicated with sarcoidosis. Manifestations of sarcoidosis were observed in tattoos, scars, and non-tattooed skin, as well as in the eyes and lungs. Sarcoid reactions appeared to be more prevalent in black and red tattoos, but other colours were also involved (e.g. blue, green, and brown). Moreover, sarcoidosis was predominantly observed in males. Autoimmunity was suggested [2] . However, case reports depicted from a broad range of clinics and over many years are obviously subject to variability in the diagnostic evaluation. The hallmark of sarcoidosis is non-caseating epithelioid cell granulomas by histology, but interpretation by pathologists varies [2] [3] [4] . Not all tissues affected by sarcoidosis, as exemplified by eye and joint affections, show a pattern of sarcoid granulomas, supporting the hypothesis that autoimmunity is involved.
It should be noted that since 1939, colourants, pigments, and tattoo ink stock products underwent a major change away from inorganic pigments to organic pigments such as azo and phthalocyanine chemicals [5, 6] . Modern black pigments are alleged to be produced under more standardised conditions and are different from the old and crude pigments made by simple combustion. Old and newer tattoo inks may easily carry a different risk of sarcoidosis. Difference of ink characteristics may influence their ability to aggregate, agglomerate, and form foreign bodies in tattooed skin. Modern black pigments are essentially nanoparticles [7] .
Less dispersible black inks, making visible aggregation in water, were shown to be associated with increased induction of reactive oxygen species (ROS), which may elicit an inflammatory tissue response resulting in sun sensitivity, itching, and minor complaints [8, 9] . It is known that foreign bodies in the skin may stimulate the development of granulomas and even sarcoidosis [10] .
From these studies and observations, it is our hypothesis that black pigment, foreign body formation, tissue responses, and sarcoidosis are associated, and this may rely on a general predisposition of the individual to develop sarcoid granulomas and manifestations in various tissues expressing autoimmunity.
In our initial publication, "Classification of Tattoo Complications in a Hospital Material of 493 Adverse Events," we observed that black pigment and a papulonodular type of tattoo reaction by clinical examination are associated [11] . Sarcoid granulomas are clinically and by shape nodular. In the present study, we address black tattoos and the papulo-nodular type of tattoo reaction assessed versus any potential manifestation of sarcoidosis.
Materials and Methods
For further details, see the supplementary materials (for all online suppl. material, see www.karger.com/doi/10.1159/000453315) [11, 12] ( Table 1 ; Fig. 1 ). a One case was verified as sarcoid granuloma in a tattoo on the left hand. On the right hand clinical sarcoid manifestation was also seen and therefore was concluded sarcoid as well. b All 3 cases had erythema nodosum. One punch biopsy also verified sarcoid granuloma in a scar.
c One case with known systemic sarcoidosis manifested in lungs and joints. d One punch biopsy verified sarcoid granuloma in a scar on the chin, another biopsy verified sarcoid granuloma on the arm, both in patients with known systemic sarcoidosis. The other cases were verified from tattoo biopsies.
Results
In the material of 494 reactions observed in 406 patients, 92 (19%) reactions in 72 patients showed the papulo-nodular pattern. The total group of papulo-nodular reactions was differentiated into the subgroups sarcoidosis and non-sarcoidosis, depending on histopathological findings ( Figure 1 ; Table 1 ). Clinical examples are presented in Figures 2 and 3 .
Sarcoidosis
Of 92 reactions with papulo-nodular pattern, 27 reactions (29%) were diagnosed as sarcoidosis (cutaneous or systemic) in 19 patients. All 27 sarcoid reactions had been verified by punch biopsies and were distributed in 3 subtypes according to clinical findings: 1 "Sarcoidosis, cutaneous tattoo only" manifested in the tattoo; 7 reactions (26%) in 6 patients. 2 "Sarcoidosis, cutaneous, tattoo and other" with sarcoidosis in the tattoo associated with other cutaneous manifestations of sarcoidosis but without systemic manifestations; 3 reactions (11%) in 2 patients. 3 "Sarcoidosis, systemic tattoo and organ" with sarcoidosis in the tattoo associated with major organ affection (i.e., systemic sarcoidosis); 17 reactions (63%) in 11 patients. Consecutive study with focus on papulo-nodular reactions and sarcoidosis
Papulo-nodular reactions: 92 reactions (19%) in 72 patients
-Clinical pattern: Papules or nodules or both, variably distributed in the tattoo, and typically confined to the problem colour, that is typically black.
-Histological pattern: plain inflammation, granulomatous inflammation or sarcoid granulomas, the latter pattern also associated with inflammation. None of the patients with "sarcoidosis, cutaneous, tattoo" or "sarcoidosis, cutaneous and other" were diagnosed or suspected to suffer from sarcoidosis by the referring doctor. In contrast, 9/17 reactions (53%) in 7 patients in the group "sarcoidosis, cutaneous and systemic" were already diagnosed as systemic sarcoidosis, typically with pulmonary affection. Figure 4 shows large agglomerates of pigment seen directly by the naked eye and a "bunch of grapes" surface of the raw punch biopsy, indicating granulomas.
Sarcoidosis

Non-Sarcoidosis
A total of 65 of 92 (71%) papulo-nodular reactions were clinically diagnosed as non-sarcoidosis ; 27 of these non-sarcoid reactions were definitely without sarcoid involvement concerning patient history and had no clinical manifestations. Of the 65 (58%) non-sarcoid reactions, 38 were apprehensive, and therefore punch biopsies were performed. All biopsies showed no evidence of sarcoid granulomas; 17 cases of granulomatous inflammation were seen (see Table 1 ).
Pigment Overload
In the total material of papulo-nodular reactions, pigment overload was noted in 39/92 (42%) according to clinical assessment, often associated with large-sized granulomas according to histology.
Rush phenomenon was seen in all 3 subtypes of sarcoidosis, in total 19/27 (70%). Rush phenomenon was especially common in the "cutaneous and systemic" subtype and found in 14 of 17 reactions (82%), often manifested as "major rush phenomenon" ( Figure 5 ). However, rush phenomenon was also observed in non-sarcoid reactions, in total 18/65 (28%) (see Table 2 a, b).
Demography, size of tattoo, and number of tattoos ( ≥ 2 tattoos) in the group of papulo-nodular reactions are presented in Table 3 . The group with sarcoidosis was dominated by males (12/19, 63%). In both subgroups ( sarcoidosis and non-sarcoidosis ), the dominating colour was black (74 and 88%, respectively). There was no strong as- sociation between gender and tattoo size except in the sarcoidosis group, where 42% of males had a large tattoo (compared to 0% among females) and males often had multiple tattoos ( ≥ 2 tattoos, 75%). Anatomical predilection sites, debut, and type of symptoms are presented as data in online supplementary Table 4 .
Discussion
The study confirmed that sarcoidosis is remarkably common in chronic non-allergic tattoo reactions. Sarcoidosis was manifested in 5% (27/494) of all tattoo reactions observed in the "Tattoo Clinic" and in as many as 29% (27/92) tattoo reactions in 72 patients with a papulonodular pattern by clinical examination.
Systemic sarcoidosis was diagnosed for the first time in 47% (8/17) of tattoo reactions in 4 patients examined in the "Tattoo Clinic." Thus, sarcoid reaction in a tattoo is an important marker of sarcoidosis as a generalised disease showing other organ manifestations as well.
A high prevalence of sarcoidosis is found in the Scandinavian population and is reported to be 50-60 cases/100,000 population [13] compared to 10-40 cases/100,000 population in the USA [14, 15] , while in North European countries, sarcoidosis is estimated to affect approximately 5-40/100.000 population [16] . Thus, sarcoidosis is by magnitude of order and, referenced to Scandinavian estimates, about 100 times more frequent in tattoo reactions independent of type of complication and about 500 times more frequent in tattoos showing a papulo-nodular pattern.
Kluger [2] , in his review of tattoos and sarcoidosis with cases collected over decades and from various reports, found an association between the male gender and sarcoidosis, and the colours black and red. We found that black was the dominating colour in the papulo-nodular reactions, and the size of black tattoos was larger in males and included fields densely tattooed with "pigment overload," which may explain the higher prevalence of sarcoidosis in males compared to females.
Black tattoos, papulo-nodular reactions, sarcoidosis, and sarcoid reactions of tattoos are associated and a clinical panorama and entity. However, sarcoidosis is not exclusively associated with black tattoos (see Table 3 ). Punch biopsy showing sarcoid granulomas is an important tool in the distinction of sarcoidosis versus non-sarcoid papulo-nodular reactions. Granuloma formation is likely to be dependent on individual predisposition, which may determine whether a case becomes manifested as sarcoidosis or not. Histopathological assessment may be difficult and blurred by intra-and inter-observer variation among pathologists in the distinction of sarcoid granulomas versus alternative patterns, including granulomatous inflammation. The relatively high number of granulomatous inflammation in the non-sarcoidosis group presented in Table 1 may be subclinical cases of sarcoidosis and cases predisposed to sarcoidosis later in life. We may have underestimated the prevalence of sarcoidosis for several reasons. Firstly, "best practice" would have been to take biopsies from every papulo-nodular tattoo reaction. Furthermore, a follow-up on all patients with granulomatous inflammation or sarcoid granulomas diagnosed by biopsy should be performed in the future, since patients with granulomatous inflammation may develop sarcoidosis later in life and patients with sarcoid granulomas in the tattoo may develop systemic sarcoid manifestations.
The clinician, in the interpretation of biopsies, should balance histology against clinical presentation and history. Thus, the final diagnosis of sarcoidosis depends on a synopsis of histology and objective findings in the clinic.
Our new observation of the rush phenomenon in a black tattoo with a papulo-nodular pattern, triggering or preceding abrupt and widespread activity in the skin, calls for an explanation. It is likely that autoimmunity plays a role. However, carbon itself is inert and has seemingly never been reported to be an active allergen or epitope in the medical literature. Carbon black pigments have a negative or positive surface charge depending on the coating and surfactants and also chemisorbed oxygen complexes on their surface depending on manufacturing [17] . It is noteworthy that rush phenomenon also appeared in cases with granulomatous inflammation.
There was no direct indication that tattoo reactions in black tattoos associated with sarcoidosis were manifestations of allergy in the traditional sense, as documented in a study using patch testing, which showed negative readings also in papulo-nodular reactions [18] . However, the standardised allergy patch test is not applicable to autoimmune reactions or to allergic reactions caused by haptens. As discussed in the review by Kluger [2] , the chronological link of "tattoo first -sarcoidosis after" and vice versa is a clinical reality that cannot be denied nor concluded. What comes first may vary and may depend on the strength and balance of trigger and predisposition.
It appears to be a sound hypothesis (applicable also to granulomatous tattoo reactions) that exogenous triggers, especially black pigment forming foreign bodies in the tissue and some autoantigenic stimuli in combination with individual predisposition, lead to sarcoidosis with granuloma formation. It is recommended that patients with systemic sarcoidosis should avoid tattoos, since foreign bodies in the skin can act as a nidus for granuloma formation.
Several types of cutaneous foreign bodies are known to induce cutaneous granuloma formation, but only some, including carbon black, may be suggested to have an adjuvant effect and promote autoimmunity [19] . It has also been reported that rescue workers, who helped during the World Trade Center disaster, have an increased incidence of developing sarcoidosis or "sarcoid-like" granulomatous pulmonary disease due to exogenic airway exposure to dust, representing foreign bodies [20] .
Foreign bodies in tissue (with or without tissue reaction or granuloma formation) may promote allergic responses, as already known from vaccination against tetanus and diphtheria containing aluminium hydroxide as an adjuvant important for the allergenic effect of the epitope of the vaccine, which is typically a protein. Aluminium forms foreign body clusters in the injection site, which clinically may result in cumbersome granulomatous reactions resembling sarcoidosis [21] [22] [23] [24] . Also, other particulates are used to promote allergic sensitisation, as exemplified by the classical Freund adjuvant composed of inactivated and dried mycobacteria [25] . Thus, the aggregation and agglomeration of black pigment in tattoos forming foreign bodies in the skin may exert an adjuvant effect that may help to sensitise the individual to tissue proteins or some chemical ingredient or metabolite of the tattoo ink, leading to autoimmune activation.
Black tattoos with papulo-nodular reactions should be seen as markers of sarcoidosis involving other organs. The association is strong and important for treatment, and we propose that any patient with a black tattoo with the papulo-nodular pattern is screened for manifestations of sarcoidosis in all typical target organs, in particular the lungs, the eyes, and the general skin. Punch biopsy is indispensable. Choice of treatment strongly depends on the individual case. We documented the effectiveness of dermatome shaving in treating local reactions in the tattoos, thereby eliminating the trigger [26] . In systemic active disease and in "rush phenomenon" we use oral corticoid as first-line treatment. The sarcoidosis disease is interdisciplinary, and treatment should be coordinated with relevant specialties.
In conclusion, clinicians should, in the diagnostic evaluation of tattoo reactions, be aware of the association between black tattoos, a papulo-nodular reaction pattern, sarcoid granulomas, and sarcoidosis involving other organs.
